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(54) Parallax barrier for an autostereoscopic display

(57) An autostereoscopic display comprises a paral-
lax barrier having a first and second arrays (34, 35) of
birefringent elements. The first array (34) includes first
elements (34a), which rotate the polarization direction of
incident polarized light in one sense, and second ele-
ments (34b) which rotate the polarization direction of the
light in an opposite sense, arranged in an alternating se-
ries. The second array (35) includes third and fourth el-
ements (35a, 35b) which act similarly to the first and sec-
ond elements (34a, 34b) respectively. At least one of the
first and second arrays (34, 35) is movable to permit ad-
justment of the alignments of the first and second ele-
ments (34a, 34b) with the third and fourth elements (35a,
35b) respectively. When the elements (34a, 34b, 35a,
35b) are aligned, the light from a display panel (31) pass-
es through the first and second arrays (34, 35), to display
a 2D image. When the elements (34a, 34b, 35a, 35b) are
not aligned, the first and second arrays (34, 35) act as a
parallax barrier to separate left-eye and right-eye images
of a 3D image.



EP 1 666 950 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The invention relates to an autostereoscopic
display that can be switched between three dimensional
(3D) and two dimensional (2D) modes of operation.
[0002] In general, autostereoscopic displays are used
in game machines, computer monitors, notebook dis-
plays, mobile phones, and other applications to produce
stereoscopic images.
[0003] Autostereoscopic displays are typically me-
chanically switched between a two dimensional (2D)
mode and a three dimensional (3D) mode to selectively
provide a 2D image or a 3D image according to an image
signal. Various types of switchable autostereoscopic dis-
plays have been developed.
[0004] For example, U.S. Patent No. 5,500,765, enti-
tled "Convertible 2D/3D autostereoscopic display" and
invented by Eichenlaub, discloses a 2D/3D switchable
autostereoscopic display comprising a lenticular parallax
element, wherein switching from the 3D mode to the 2D
mode is achieved by attaching a complementary lenticu-
lar sheet having a negative refractive power to the len-
ticular parallax element, which has a positive refractive
power. The attached complementary lenticular sheet
compensates for the optical power of the lenticular par-
allax element, so that a 2D image can be seen with full
resolution on an image panel. To provide the 2D/3D
switching, the conventional display has the screen sized
complementary lenticular sheet mounted on hinges,
which allow the complementary lenticular sheet to be at-
tached and detached by rotation. Accordingly, this prior
display is complex in structure and the complementary
lenticular sheet, which is rotated on the hinges, requires
a large amount of free space within and around the dis-
play, thereby increasing the overall size of the display.
[0005] U.S. Patent No. 6,437,915, entitled "Parallax
barrier, display, passive polarization modulating optical
element, and method of making such an element" and
invented by Moseley et al., discloses another 2D/3D
switchable display based on a latent parallax barrier,
which is activated by attaching a polarizer sheet to a dis-
play screen.
[0006] Figure 1 is a perspective view of the switchable
parallax barrier with removable polarization sheet as dis-
closed in U.S. Patent No. 6,437,915. Referring to Figure
1, the parallax barrier of the display includes a polariza-
tion modifying layer 10, and a polarizer in the form of a
polarization sheet 11. The polarization modifying layer
10 includes aperture regions 12 in the form of parallel
elongate slit regions arranged to rotate the polarization
of incoming linearly polarized light 13 by 90 degrees. The
aperture regions 12 are separated by barrier regions 14,
which are arranged so that they do not affect the polari-
zation of the incoming light 13.
[0007] When this prior parallax barrier is disposed in
front of a liquid crystal display (LCD) of a thin film tran-
sistor (TFT) type, light output from the LCD is polarized
in a direction indicated by arrow A.

[0008] The polarization sheet 11 has a polarization di-
rection indicated by arrow B, which is perpendicular to a
polarization direction A of the incident light 13. However,
the polarization direction B is parallel to the polarization
direction of light emerging from the aperture regions 12
such that the parallax barrier operates in a barrier mode
and incident light is transmitted through the aperture re-
gions 12 while being substantially blocked or extin-
guished at parts of the parallax barrier defined by the
barrier regions 14. In order to operate the parallax barrier
in a non-barrier mode, the polarization sheet 11 is disa-
bled, for instance, by being removed. In the non barrier-
mode, the aperture regions 12 are substantially invisible
because the light emerging therefrom is not analyzed by
the polarization sheet 11.
[0009] Figures 2A through 2C illustrate conventional
arrangements of a polarization sheet and parallax barrier.
[0010] Referring to Figure 2A, a polarization sheet 21
is attached to a stereoscopic display 20 by double hinges
25. This allows the polarization sheet 21 to be rotated
over the front of the display 20. In this case, it is necessary
to provide space for moving the polarization sheet 21
mounted on the hinges 25, resulting in a bulky and com-
plex structure.
[0011] Referring to Figure 2B, a polarization sheet is
formed on a transparent film 27 having a longitudinal re-
gion which is transparent and non-polarizing. The trans-
parent film 27 is wound on rollers 29 that are disposed
on either side of a LCD and a polarization modifying layer.
The rollers 29 are driven, for instance by an electric mo-
tor, so that a polarizing region of the polarization sheet
or the transparent non-polarizing region of the film 27
may be disposed in front of the LCD.
[0012] In such an arrangement, the rollers 29 and the
electric motor for driving the rollers 29 should be disposed
on a body of the conventional display. Consequently, the
resulting display is complex and difficult to use.
[0013] Figure 2C illustrates another arrangement for
switching between the 3D and 2D modes of operation.
Referring to Figure 2C, a polarization sheet is installed
in front of a LCD and a layer. The polarization sheet is
disposed to be rotatable about an axis perpendicular
thereto.
[0014] The display disclosed in U.S. Patent No.
6,437,915 can switch between the 2D and 3D modes by
rotating or rolling the polarization sheet 11. However, in
this case, the overall size of the display is significantly
larger than the size of the display screen. The rotation of
the polarization sheet 11 also requires a large amount of
free space around the display screen and does not pro-
vide complete invisibility of the conventional parallax bar-
rier structure.
[0015] One object of the invention is the provision of a
2D/3D switchable autostereoscopic display which can
switch between a 3D mode and a 2D mode with full res-
olution using minimal movement, that may potentially
provide a display of smaller overall size, or reduced re-
quirements for surrounding free space, when compared
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with the prior art arrangements discussed above.
[0016] According to a first aspect of the invention, a
parallax barrier unit comprises a polarizer configured to
transmit light having a first polarization direction, a first
array including first birefringent elements configured to
change the polarization direction of light transmitted
through the polarizer by rotating the polarization direction
of said light by a first amount in a first sense, and second
birefringent elements configured to change the polariza-
tion direction of light transmitted through the polarizer by
rotating the polarization direction of said light by the first
amount in a second sense that is opposite to the first
sense, the first and second birefringent elements being
arranged in an alternating series, a second array includ-
ing third birefringent elements configured to change a
polarization direction of light transmitted through the first
array by rotating the polarization direction of said light by
the first amount in the first sense, and fourth birefringent
elements configured to change the polarization direction
of light transmitted through the first array by rotating the
polarization direction of said light by the first amount in
the second sense, the third and fourth birefringent ele-
ments being arranged in an alternating series, and an
analyzer arranged to transmit only light from the second
array having a second polarization direction, wherein at
least one of the first and second arrays is movable to
adjust the positions of the first and second birefringent
elements relative to the third and fourth birefringent ele-
ments.
[0017] This aspect also provides an autostereoscopic
display, comprising a display device arranged to display
an image and the parallax barrier unit according to any
one of the preceding claims, arranged to receiving light
from the display device and configured to, when operat-
ing in a 2D mode, position said first and second arrays
to align said first, second, third and fourth birefringent
elements so that incident light from the display device is
transmitted as a 2D image and, when operating in a 3D
mode, to align said first, second, third and fourth birefrin-
gent elements so that the incident light from the display
device is separated into a first image and a second image.
[0018] The first and second images may be a left-eye
image and a right-eye image respectively.
[0019] This aspect also provides a mobile telephone
comprising such an autostereoscopic display.
[0020] According to a second aspect of the invention,
an autostereoscopic display comprises a display device
to display an image, and a parallax barrier unit to transmit
all incident light in a 2D mode and to separate a left-eye
image and a right-eye image by forming a barrier in a 3D
mode. The parallax barrier unit comprises a polarizer dis-
posed in an optical path of the image displayed by the
display device to transmit light having a predetermined
polarizer polarization direction, a first planar array includ-
ing first birefringent elements, which change a polariza-
tion direction of light transmitted through the polarizer
into a first direction, and second birefringent elements,
which change the polarization direction of the light trans-

mitted through the polarizer into a second direction op-
posite to the first direction, the first and second birefrin-
gent elements alternating with each other, a second pla-
nar array facing the first planar array and including third
birefringent elements, which change the polarization di-
rection of light transmitted through the first planar array
into a third direction, and fourth birefringent elements,
which change the polarization direction of the light trans-
mitted through the first planar array into a fourth direction
opposite to the third direction, the third and fourth bire-
fringent elements alternating with each other, and an an-
alyzer facing the second planar array to transmit only
light having a predetermined analyzer polarization direc-
tion from among light transmitted through the second pla-
nar array, wherein at least one of the first and second
planar arrays is movable to control relative positions of
the first and second birefringent elements and the third
and fourth birefringent elements to selectively display a
2D image or a 3D image.
[0021] According to a third aspect of the invention, an
autostereoscopic display comprises a first planar array
to receive incident light of an image and having a plurality
of first and second birefringent elements to change a po-
larization of the incident light in first and second direc-
tions, a second planar array disposed adjacent to the first
planar array to receive incident light from the first planar
array and having a plurality of third and fourth birefringent
elements to change a polarization of the incident light in
the first and second directions, an analyzer to receive
incident light from the second planar array and to transmit
incident light of a predetermined polarization, and a
switch to shift a relative position of the first and second
planar arrays such that a first portion of the incident light
of the image is blocked by the analyzer while a second
portion of the incident light of the image is transmitted by
the analyzer when the autostereoscopic display operates
in a 3D mode.
[0022] According to a fourth aspect of the invention,
an autostereoscopic display comprises a first birefringent
array and a second birefringent array disposed to face
the first birefringent array, and a relative positioning unit
to displace one of the first and second birefringent arrays
along a displacement axis that is parallel to both the first
and second birefringent arrays.
[0023] According to a fifth aspect of the invention, a
parallax barrier unit usable with an autostereoscopic dis-
play comprises an analyzer to transmit incident light hav-
ing a predetermined analyzer polarization, and at least
one birefringent element to receive incident light, to trans-
form a polarization of the incident light to one of the pre-
determined analyzer polarization, and a predetermined
blocked polarization, and to provide the light having the
transformed polarization to the analyzer.
[0024] According to a sixth aspect of the invention, a
2D/3D switch usable with an autostereoscopic display
comprises a first birefringent array and a second birefrin-
gent array disposed to face the first birefringent array,
and a relative positioning unit to displace one of the first
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and second birefringent arrays along a displacement axis
that is parallel to both the first and second birefringent
arrays.
[0025] According to a seventh aspect of the invention,
a method of switching between a 3D mode and a 2D
mode in an autostereoscopic display comprises receiv-
ing polarized light, and controlling a relative positioning
of two birefringent arrays such that, in a first operational
mode, all the received light passes through the two bire-
fringent arrays and emerges therefrom with a polarization
transformed to a predetermined output polarization and,
in a second operational mode, a first portion of all the
received light passes through the two birefringent arrays
and emerges therefrom with a polarization transformed
to a predetermined blocked polarization and a second
portion of all the received light passes through the two
birefringent arrays and emerges therefrom with polariza-
tion transformed to the predetermined output polariza-
tion.
[0026] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying drawings, of which:

Figure 1 is a perspective view illustrating a conven-
tional on-off switchable parallax barrier that uses a
removable polarization sheet;

Figures 2A through 2C illustrate a variety of mechan-
ical designs for the conventional on-off switchable
parallax barrier;

Figures 3A through 3F are perspective views illus-
trating an autostereoscopic display according to an
embodiment of the invention, Figures 3A and 3B il-
lustrating the autostereoscopic display respectively
in a three dimensional (3D) mode and a two dimen-
sional (2D) mode, Figures 3C and 3D illustrating an
array of rotators in the 3D mode and the 2D mode
respectively andFigures 3E and 3F illustrating an ar-
ray of retarders in the 3D mode and the 2D mode
respectively;

Figures 4A and 4B illustrate birefringent elements of
first and second arrays of the autostereoscopic dis-
play of Figures 3A through 3F according to various
embodiments of the invention;

Figures 5A and 5B are perspective views illustrating
an autostereoscopic display, respectively in the 3D
mode and the 2D mode according to another em-
bodiment of the present general inventive concept;

Figures 6A and 6B are cross-sectional views illus-
trating an optical arrangement of the autostereo-
scopic display of Figures 5A and 5B and a liquid crys-
tal display (LCD), in the 3D mode and the 2D mode
respectively;

Figures 7A and 7B are cross-sectional views illus-
trating an optical arrangement of the autostereo-
scopic display of Figures 3A and 3B and an LCD, in
the 3D mode and the 2D mode respectively;

Figures 8A and 8B are cross-sectional views illus-
trating an alternative optical arrangement for the
autostereoscopic display of Figures 3A and 3B and
a LCD, in the 3D mode and the 2D mode respective-
ly;

Figure 9A illustrates a mechanism to manually con-
trol a first array and a second array using a 2D/3D
switch according to an embodiment of the invention;
and

Figure 9B illustrates an amount by which the second
array is shifted by the 2D/3D switch of Figure 9A.

[0027] In the following detailed description, like refer-
ence numerals refer to the like elements throughout.
[0028] Referring to Figure 3A, an autostereoscopic
display according to an embodiment of the invention in-
cludes a display device 31 arranged to display an image,
including pixels in a row and column array, and a parallax
barrier unit arranged to transmit all incident light in the
2D mode and to separate a left-eye image and a right-
eye image by forming a barrier in the 3D mode.
[0029] The parallax barrier unit includes a polarizer 32,
an analyzer 33, and first and second arrays 34 and 35
disposed between the polarizer 32 and the analyzer 33.
At least one of the first and second arrays 34 and 35 is
movable, such that a 2D image or a 3D image can be
selectively displayed by adjusting the relative positions
of the first and second arrays 34 and 35.
[0030] The polarizer 32 is disposed in the optical path
of an image displayed by the display device 31 and trans-
mits light having a predetermined polarization direction
C. Accordingly, when non-polarized light is incident on
the polarizer 32, the polarizer 32 transmits only light hav-
ing the polarization direction C, such that the light emerg-
ing from the polarizer 32 is linearly polarized.
[0031] Each of the first and second arrays 34 and 35
includes birefringent elements, which may be rotators or
retarders. In this particular example, the first array 34
includes a plurality of first and second birefringent ele-
ments 34a and 34b each having a stripe shape with a
predetermined width, and the first and second birefrin-
gent elements 34a and 34b alternate with each other.
[0032] If the first and second birefringent elements 34a
and 34b are rotators (i.e., circular birefringent elements),
the first and second birefringent elements 34a and 34b
rotate incident light by +(2n+1)�45° and -(2n+1)�45°,
respectively, where n=0, 1, 2, 3 ....
[0033] On the other hand, if the first and second bire-
fringent elements 34a and 34b are retarders (i.e., linear
birefringent elements), the first and second birefringent
elements 34a and 34b shift the phase of the incident light
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by +(2n+1)λ/4 and - (2n+1)λ/4, respectively. Here, λ de-
notes a wavelength of the incident light and n=0, 1, 2,
3, .... When n=0, the rotators may rotate the incident light
by +45° and the retarders may phase-shift the incident
light by λ/4. In this case, the rotators or the retarders can
maintain their properties over a wide spectral range and
exhibit high tolerance with respect to an angle of inci-
dence.
[0034] The second array 35 includes third and fourth
birefringent elements 35a and 35b. In this example, the
third and fourth birefringent elements 35a, 35b each have
a stripe shape with a predetermined width, and alternate
with each other. Each of the third and fourth birefringent
elements 35a and 35b may be rotators (i.e., circular bi-
refringent elements), or retarders (i.e., linear birefringent
elements), similar to the first and second birefringent el-
ements 34a and 34b.
[0035] The display mode can be selected from a 2D
mode or a 3D mode by adjusting the relative positions of
the first and second arrays 34 and 35. For example, the
position of the first array 34 may be fixed while the second
array 35 may be moved horizontally, so that a position
of the second array 35 can be switched between a first
position illustrated in Figure 3A and a second position
illustrated in Figure 3B. In the first position, the bounda-
ries between the first and second birefringent elements
34a and 34b of the first array 34 are not aligned with
corresponding boundaries between the third and fourth
birefringent elements 35a and 35b of the second array
35. As a result, the first and second arrays 34, 35 form
a parallax barrier due to an operation principle to be de-
scribed below, thereby permitting operation in the 3D
mode.
[0036] In the second position, however, the bounda-
ries between the first and second birefringent elements
34a and 34b of the first array 34 are aligned with the
boundaries between the third and fourth birefringent el-
ements 35a and 35b of the second array 35 to transmit
the entirety of the images displayed by the display device
31, thereby permitting operation in the 2D mode.
[0037] In this particular example, each of the first
through fourth birefringent elements 34a, 34b, 35a, and
35b of the first and second arrays 34 and 35 has the form
of a stripe extending along a first direction that is parallel
to the polarization direction C of the polarizer 32. The
first and second arrays 34 and 35 may be arranged so
that they can be shifted relative to one another in a di-
rection slanted at a first inclination angle Φ (see Figure
9B) with respect to the first direction in which the first,
second, third, and fourth birefringent elements 34a, 34b,
35a, and 35b are arranged so that, when modes are
switched manually, an effective displacement of the sec-
ond array 35 relative to the first array 34 can be smaller
than the required displacement of a mode switch when
the second array 35 is shifted as illustrated in Figure 3A.
[0038] It should be understood that the birefringent el-
ements of the first and second arrays 34 and 35 are not
intended to be limited to those arrangements illustrated

in Figures 3A and 3B and described above, and may
have other, alternative, arrangements. Examples of al-
ternative arrangements for the birefringent elements of
the first and second arrays 34, 35 are illustrated in Figures
4A and 4B.
[0039] Referring to Figure 4A, the birefringent ele-
ments 41 and 43 of the first and second arrays 34 and
35 have stripe shapes and are characterized by opposite
polarization directions or opposite retardation directions.
The birefringent elements 41 and 43 extend along a sec-
ond direction E that is slanted at a second inclination
angle "α" with respect to the polarization direction C of
the polarizer 32. In this case, the first and second arrays
34 and 35 are shifted relative to one another in a third
direction slanted at a third inclination angle (not shown),
with respect to the polarization direction C of the polarizer
32, which is different from the second inclination angle
"α".
[0040] In the arrangement shown in Figure 4B, the first
and second arrays 34 and 35 are arranged in a stepwise
manner and include two dimensional birefringent ele-
ments 45 and 47.
[0041] In the first and second arrays 34 and 35 illus-
trated in Figures 4A and 4B, when polarization rotators
are used as the birefringent elements, the birefringent
elements 41 and 45 rotate a polarization direction of the
incident light by +(2n+1)�45°, and the adjacent birefrin-
gent elements 43 and 47 rotate the polarization direction
of the incident light by -(2n+1)�45°, where n=0, 1, 2, 3 ....
When polarization retarders are used as the birefringent
elements, the birefringent elements 41 and 45 phase-
shift the incident light by +(2n+1)λ/4, and the adjacent
birefringent elements 43 and 47 phase-shift the incident
light by -(2n+1)λ/4, where λ denotes a wavelength of the
incident light and n=0, 1, 2, 3,
[0042] The analyzer 33 faces the second array 35 and
transmits only light emerging from the second array 35
having a predetermined polarization.
[0043] The polarization directions of the polarizer 32
and the analyzer 33 may be either parallel or perpendic-
ular to each other. In the example arrangements show
in Figures 3A to 3F, the polarization directions of the po-
larizer 32 and the analyzer 33 are perpendicular to each
other. That is, the polarization direction C of the polarizer
32 is parallel to a vertical direction of the display device
31, and a polarization direction indicated by arrow D of
the analyzer 33 is parallel to a horizontal direction of the
display device 31.
[0044] Operation of the autostereoscopic display ac-
cording to the present embodiment will now be explained
in detail with reference to Figures 3A through 3F.
[0045] Referring to Figures 3A to 3D, the first and third
birefringent elements 34a and 35a are +45° rotators, and
the second and fourth birefringent elements 34b and 35b
are -45° rotators. In particular, Figures 3A and 3C illus-
trate the first and second arrays 34 and 35 in the 3D
mode, and Figures 3B and 3D illustrate the first and sec-
ond arrays 34 and 35 in the 2D mode.
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[0046] Referring to Figures 3A and 3C, light emitted
from the display device 31 is polarized in the vertical di-
rection C by the polarizer 32. Part I of the light polarized
in the vertical direction C is transmitted through the first
birefringent elements 34a of the first array 34 and, as a
result, the polarization direction of the part I is rotated by
+45°. Subsequently, the part I of the light is then trans-
mitted through the third birefringent elements 35a of the
second array 35, such that the polarization direction of
the part I of the light is rotated further by +45°. As a result
of the combined action of the first and third birefringent
elements 34a, 35a, the polarization direction of the part
I of the vertically polarized light is rotated by 90° so that
the part I of the light is transmitted through the analyzer
33.
[0047] Part II of the vertically polarized light is trans-
mitted through the first birefringent elements 34a of the
first array 34 and the fourth birefringent elements 35b of
the second array 35. Part IV of the vertically polarized
light is transmitted through the second birefringent ele-
ments 34b of the first array 34 and the third birefringent
elements 35a of the second array 35. Accordingly, since
the polarization direction of the part II of the light is rotated
by +45° by the first birefringent elements 34a and -45°
by the fourth birefringent elements 35b and the polariza-
tion direction of the part IV of the light is rotated by -45°
by the second birefringent elements 34b and +45° the
third birefringent elements 35a, the actions of the first
and second arrays 34, 35 compensate each other and
thus the parts II and IV of the light reach the analyzer 33
without any overall change in their polarization. Hence,
in the 3D mode, since the parts II and IV of the light have
polarization directions that are perpendicular to the po-
larization direction D of the analyzer 33, the parts II and
IV are blocked by the analyzer 33 when the display is
operating in the 3D mode.
[0048] Part III of the vertically polarized light is trans-
mitted through the second birefringent elements 34b of
the first array 34, such that the polarization direction of
the vertically polarized light III is rotated by -45°. Subse-
quently, the part III of the light is transmitted through the
fourth birefringent elements 35b of the second array 35,
such that the polarization direction of the part III is further
rotated by -45°. As a result of the combined action of the
second and fourth birefringent elements 34b, 35b, the
polarization direction of the part III of the light is rotated
by -90°. Since the polarization direction of the part III of
the light is the same as the polarization direction D of the
analyzer 33, the part III of the light can be transmitted
through the analyzer 33 when the display is operating in
the 3D mode.
[0049] As described above, by shifting the first and
second arrays 34 and 35 by a distance S, as shown in
Figures 3A, 3C, and 3E, incident light is transmitted
through portions Wi, and is blocked from transmission
through portions W2. Accordingly, the portions W2 may
function as a parallax barrier. The portions W2 may have
a width equal to half of a pitch P of the birefringent arrays.

The widths of the portions W1 and W2 can be determined
according to the distance S between the first array 34
and the second array 35, and taking into account the loss
of light and crosstalk between left-eye images and right-
eye images.
[0050] Since the basic principle and calculation of the
parallax barrier should be known by one of ordinary skill
in the art, as disclosed in "Theory of Parallax Barriers" of
S.H. Kaplan, Journal of the SMPTE, Vol. 59, pp 11-21
(1952), a detailed explanation thereof will not be provided
herein.
[0051] In Figures 3B and 3D, the first and second ar-
rays 34 and 35 are aligned with each other to realize a
full resolution 2D mode. Hence, light emitted from the
display device 31 is polarized by the polarizer 32 and is
transmitted through the first and second arrays 34 and
35 so that its polarization direction isrotated by +90° or -
90°. the In this manner, the polarization direction of the
light is made the same as the polarization direction D of
the analyzer 33. As a result, all light incident on the an-
alyzer 33 is transmitted through the analyzer 33.
[0052] The first array 34 and the second array 35 may
be shifted relative to one another manually or with an
electromechanical or piezoelectric actuator. The manual
operation may be performed by a user, as described be-
low. However, other methods/structures may also be
used to shift the first and/or second arrays 34 and 35.
[0053] In the arrangement shown in Figures 3E and
3F, the first and third birefringent elements 34a and 35a
are +λ/4 retarders and the second and fourth birefringent
elements 34b and 35b are -λ/4 retarders.
[0054] Figure 3E illustrates the first and second arrays
34 and 35 when the display is operating in the 3D mode,
and Figure 3F illustrates the first and second arrays 34
and 35 when the display is operating in the 2D mode.
The first and second arrays 34 and 35 are shifted relative
to one another in the same manner as described above
with respect to Figures 3C and 3D, to realize a 3D image
or a full resolution 2D image by selectively forming a par-
allax barrier.
[0055] Figures 5A and 5B are perspective views illus-
trating an autostereoscopic display, operating in the 3D
mode and the 2D mode respectively, according to anoth-
er embodiment of the invention. In this embodiment, the
polarization directions C of a polarizer 132 and an ana-
lyzer 133 are parallel to each other. That is, the polari-
zation directions C of the polarizer 132 and the analyzer
133 are parallel to a vertical direction of a display device
131. A first array 134 includes first and second birefrin-
gent elements 134a and 134b in the form of stripes of a
predetermined width, and arranged in an alternating se-
ries. The first birefringent elements 134a may be rotators
configured to rotate incident light by -45°, or retarders
configured to shift the phase of incident light by -λ/4. The
second birefringent elements 134b may be rotators con-
figured to rotate the incident light by +45°, or retarders
configured to phase-shift the incident light by +λ/4.
[0056] A second array 135 includes third and fourth
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birefringent elements 135a and 135b having the shape
of a stripe with a predetermined width and alternating
with each other. The third birefringent elements 135a
may be rotators configured to rotate the incident light by
+45° or retarders configured to phase-shift the incident
light by +λ/4. The fourth birefringent elements 135b may
be rotators configured to rotate the incident light by -45°,
or retarders configured to phase-shift the incident light
by -λ/4.
[0057] Referring to Figure 5A, when the autostereo-
scopic display is operating in the 3D mode, light emitted
from the display device 131 is polarized in the vertical
direction C by the polarizer 132. A first portion of the light
polarized in the vertical direction C is transmitted through
the first birefringent elements 134a and the third birefrin-
gent elements 135a, or transmitted through the second
birefringent elements 134b and the fourth birefringent el-
ements 135b. Since the polarization direction of the first
portion of the vertically polarized light is rotated by -45°
by the first and fourth birefringent elements 134a and
135b and by +45° by the second and third birefringent
elements 134b and 135a, there is no overall change in
the polarization of the first portion. Accordingly, the light
is transmitted through the analyzer 133.
[0058] A second portion of the light polarized in the
vertical direction C is transmitted through the first bire-
fringent elements 134a and the fourth birefringent ele-
ments 135b, or transmitted through the second birefrin-
gent elements 134b and the third birefringent elements
135a. Since the polarization direction of this second por-
tion is rotated by -45° respectively by each of the first and
fourth birefringent elements 134a and 135b or +45° by
each of the second and third birefringent elements 134b
and 135a, the polarization direction of the second portion
of the light is rotated by a total of -90° or +90° overall. As
a result, the polarization direction of the second portion
is made perpendicular to the polarization direction C of
the analyzer 133 and thus is blocked from being trans-
mitted through the analyzer 133 when the display is op-
erating in the 3D mode.
[0059] Although the first, second, third, and fourth bi-
refringent elements 134a, 134b, 135a, and 135b are de-
scribed above as being rotators configured to rotate the
incident light by � 45°, the first second, third, and fourth
birefringent elements 134a, 134b, 135a, and 135b may
be retarders configured to phase-shift the incident light
by �λ/4.
[0060] As described above, by displacing the first and
second arrays 134 and 135 relative to one another by a
distance S, the incident light is transmitted through por-
tions W3 while being blocked from transmission through
portions W4. In this case, the portions W4 function as a
parallax barrier. The widths of the portions W3 and W4
can be determined by the distance S between the first
and second arrays 134 and 135, taking into account the
loss of light and crosstalk between left-eye images and
right-eye images.
[0061] In Figure 5B, the first and second arrays 134

and 135 are aligned with each other to realize the full
resolution 2D mode. Light emitted from the display device
131 is polarized by the polarizer 132 in the vertical po-
larization direction C. A first portion of the vertically po-
larized light is rotated by -45° by the first birefringent el-
ements 134a and is transmitted through the third bire-
fringent elements 135a to be rotated by +45°, such that
there is no overall change in the polarization of the first
portion and thus the first portion of the light is made to
have the same polarization direction as that of the ana-
lyzer 133 (i.e., vertical). A second portionof the vertically
polarized light is rotated by +45° by the second birefrin-
gent elements 134b and rotated by -45° by the fourth
birefringent elements 135b, such that there is no overall
change in the polarization of the second portionand thus
the second portion of the light has the same polarization
direction as that of the analyzer 133 (i.e., vertical) in the
2D mode. Accordingly, all light incident on the analyzer
133 is transmitted through the analyzer 133 when the
display is operating in the 2D mode.
[0062] Figures 6A and 6B are cross-sectional views
illustrating an optical arrangement of the autostereoscop-
ic display of Figures 5A and 5B when operating in the 3D
mode and the 2D mode respectively, according to an
embodiment of the invention.
[0063] Referring to Figure 6A, pixels of the display de-
vice 131 are partitioned into two groups of columns CI
and CII to display a stereoscopic image. Accordingly, in
the 3D mode, a left-eye image may be displayed using
the columns CI, and a right-eye image is displayed using
the columns CII. The first and second arrays 134 and
135 include birefringent elements, which may be �45°
rotators or �λ/4 retarders. In the 3D mode illustrated in
Figure 6A, the boundaries between the birefringent ele-
ments of the first array 134 are not aligned with the bound-
aries between the birefringent elements of the second
array 135. In the 2D mode illustrated in Figure 6B, these
boundaries are aligned with each other. Accordingly, in
the 3D mode, light passing through the first and third
birefringent elements 134a and 135a and light passing
through the second and fourth birefringent elements
134b and 135b is transmitted through the analyzer 133
to reach a viewer’s eyes. On the other hand, since po-
larization directions of light passing through the first and
fourth birefringent elements 134a and 135b and light
passing through the second and third birefringent ele-
ments 134b and 135a are perpendicular to the polariza-
tion direction of the analyzer 133, the resulting light can-
not be transmitted through the analyzer 133. Accordingly,
the polarizer 132, the first and second arrays 134 and
135, and the analyzer 133 can function as a parallax bar-
rier unit in the autostereoscopic display.
[0064] Accordingly, among left-eye images provided
by the columns CI of the display device 131, images di-
rected toward the viewer’s right eye are blocked by the
analyzer 133 and images directed toward the viewer’s
left eye are transmitted through the analyzer 133. Simi-
larly, among right-eye images provided by the columns
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CII of the display device 131, images directed toward the
viewer’s left eye are blocked by the analyzer 133 and
images directed toward the viewer’s right eye are trans-
mitted through the analyzer 134. As a result, the viewer
can perceive a stereoscopic image.
[0065] Referring to Figure 6B, when operating in the
2D mode, the boundaries between the birefringent ele-
ments of the first array 134 and the birefringent elements
of the second array 135 are aligned with each other. That
is, the first and third birefringent elements 134a and 135a
face each other, and the second and fourth birefringent
elements 134b and 135b face each other. Thus, the
changes in the polarization of the incident light through
rotation by the first birefringent elements 134a is com-
pensated by the rotation of the polarization direction
caused by the third birefringent elements 135a, so that
the polarization of the incident light is unchanged overall.
Similarly, the rotation of the polarization direction of the
incident light caused by the second birefringent elements
134b is compensated by the rotation of the polarization
direction when the same light passes through the fourth
birefringent elements 135b. Thus, the parallax barrier is
disabled. As a result, the polarization directions of images
from the entire display area of the display device 131
match the polarization direction of the analyzer 133, and
so images displayed by all pixels of the display device
131 are provided to the viewer’s left and right eyes.
[0066] In the present embodiment, the display device
131 may be a plasma display panel (PDP) configured to
emit non-polarized light or a liquid crystal display (LCD)
configured to emit polarized light. When the PDP is used
as the display device 131, a polarizer 132 may be used
to polarize the non-polarized light. On the other hand,
when a LCD is used as the display device 131, the po-
larizer 132 is not required, since the LCD emits polarized
light.
[0067] Figures 7A and 7B are cross-sectional views
illustrating an optical arrangement of the autostereoscop-
ic display of Figures 3A and 3B, operating in the 3D mode
and the 2D mode respectively, according to another em-
bodiment of the invention.
[0068] Referring to Figures 7A and 7B, a display device
includes a backlight unit 210 disposed behind a parallax
barrier unit 230, that selectively forms a barrier, and a
display unit 220. The display unit 220 includes a rear
polarizer 221, an LCD panel 225, and a front polarizer.
The display unit 220 forms an image by selectively driving
a plurality of pixels that are arranged in two dimensions
to form an image and illuminating the image using the
backlight unit 210.
[0069] The parallax barrier unit 230 is as illustrated in
Figures 3A through 3F. The parallax barrier unit 230 se-
lectively transmits incident light, and includes a polarizer
232, first and second arrays 234 and 235, and an ana-
lyzer 233. The polarizer 232 of the parallax barrier unit
230 may be used as the front polarizer of the display unit
220. If this is the case, the front polarizer can be omitted
in the display unit 220.

[0070] Figures 8A and 8B are cross-sectional views
illustrating another optical arrangement of the autoster-
eoscopic display of Figures 3A and 3B and a LCD, op-
erating in the 3D mode and the 2D mode respectively,
according to yet another embodiment of the invention.
[0071] Referring to Figures 8A and 8B, a backlight unit
310 is disposed behind a parallax barrier unit 330 that
selectively forms a barrier, and a display unit 320 is dis-
posed in front of the parallax barrier unit 330.
[0072] The parallax barrier unit 330 is as illustrated in
Figures 3A through 3F. The parallax barrier unit 330 se-
lectively transmits the incident light and includes a polar-
izer 332, first and second arrays 334 and 335 and an
analyzer 333.
[0073] The display unit 320 includes a rear polarizer,
a LCD panel 321 and a front polarizer 325. The display
unit 320 forms an image by selectively driving a plurality
of pixels that are arranged in two dimensions. The image
is illuminated using the backlight unit 310.
[0074] The analyzer 333 of the parallax barrier unit 330
may be used as the rear polarizer of the display unit 320.
Accordingly, the rear polarizer may be omitted in the dis-
play unit 320.
[0075] Figures 9A and 9B illustrate a mechanism for
manually controlling the relative positioning of first and
second arrays 434 and 435 using a 2D/3D switch.
[0076] Figure 9A illustrates the control mechanism
moving the second array 435 relative to the first array
434 by manually controlling the 2D/3D switch. Figure 9B
illustrates an amount by which the second array 435 is
shifted obliquely.
[0077] The first array 434 and the second array 435
have substantially the same shape and/or size and may
be shifted relative to one another by an electromechan-
ical or piezoelectric actuator. Alternatively, or additional-
ly, other shifting mechanisms may be used to perform
the relative shifting.
[0078] In simple, portable, or low cost displays, the rel-
ative positions of the first and second arrays 434 and 435
can be adjusted manually.
[0079] Where a manual mechanism is used, a knob
451 may be provided to control the relative positions of
the first and second arrays 434, 435. The mechanism
may be arranged so that the operational travel distance
of the knob 451 is large when compared with the effective
displacement of the second array 435. When an angle
between an operational direction F of the knob 451 and
the inclination direction of the second array 435 is Φ, a
transversal shift of the second array 435, i.e. the move-
ment of the second array 435 in direction G, is ST, and
the displacement of the second array 435 in the inclina-
tion direction is Ss, Ss = ST/sinΦ. So, for example, when
ST = 0.1 mm and Φ = 1.5°, the movement in the inclination
direction Ss = 0.1 /0.026 = 3.8 mm. Accordingly, to
achieve a transversal shift of the second array 435 of 0.1
mm( = 100 um), the second array 435 must be moved
3.8 mm in the inclination direction. This movement can
easily be done manually.
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[0080] In the embodiment shown in Figure 9A, the
manually switchable parallax barrier is installed in a body
of a mobile phone 400. However, it should be understood
that the parallax barrier may be used in other devices as
well.
[0081] In the particular embodiment of Figure 9A, the
first array 434 is fixed while the second array 435 is mov-
able. That is, the second array 435 can be shifted in a
vertical direction indicated by arrow F and/or a horizontal
direction indicated by arrow G by moving the knob 451
in the vertical direction F. An inclination guide 455 is in-
stalled on one side of the second array 435, and an elastic
member 457 and a latch 459 are disposed on the oppo-
site side of the second array 435. The elastic member
457 resiliently biases the second array 435 toward the
inclination guide 455, and the latch 459 is arranged to
latch the movable second array 435 at appropriate posi-
tions for respective 2D and 3D modes. Where the amount
by which the knob 451 is moved in the direction F is SL,
the inclination angle is Φ, and the transversal shift is ST,
SL = ST/tanΦ. For example, when ST = 0.1 mm and Φ =
1.5°, SL = 0.1/0.026 = 3.8 mm. In other words, when the
knob 451 is moved by a distance of 3.8 mm, the effective
transversal shift is 0.1 mm(= 100 um). The required trans-
versal shift can thus easily be achieved manually.
[0082] Since the autostereoscopic display according
to the various embodiments of the invention described
above can be switched between a 2D mode and a 3D
mode by shifting polarization rotators or polarization re-
tarders, the mode switch can be conducted within a small
space. Thus, the autostereoscopic displays of the em-
bodiments may be smaller structures, or require less sur-
rounding free space, than the prior art displays discussed
above.
[0083] When the arrays are manually shifted by ap-
proximately 100 um to switch modes, a required opera-
tional travel distance of a knob can be increased by caus-
ing the arrays to move obliquely, relative to one ano-
thermovement. This feature facilitates manual control of
the autostereoscopic display using the knob. Additional-
ly, or alternatively, the 2D and 3D modes can easily be
switched by driving the arrays, which selectively form a
parallax barrier, using an electromechanical or piezoe-
lectric actuator.
[0084] Although a few embodiments of the invention
have been shown and described, it will be appreciated
by those skilled in the art that changes may be made in
these embodiments without departing from the principles
of the invention, the scope of which is defined in the ap-
pended claims.

Claims

1. A parallax barrier unit comprising:

a polarizer (32) configured to transmit light hav-
ing a first polarization direction;

a first array (34) including first birefringent ele-
ments (34a) configured to change the polariza-
tion direction of light transmitted through the po-
larizer (32) by rotating the polarization direction
of said light by a first amount in a first sense,
and second birefringent elements (34b) config-
ured to change the polarization direction of light
transmitted through the polarizer by rotating the
polarization direction of said light by the first
amount in a second sense that is opposite to the
first sense, the first and second birefringent el-
ements (34a, 34b) being arranged in an alter-
nating series;
a second array (35) including third birefringent
elements (35a) configured to change a polari-
zation direction of light transmitted through the
first array by rotating the polarization direction
of said light by the first amount in the first sense,
and fourth birefringent elements (35b) config-
ured to change the polarization direction of light
transmitted through the first array by rotating the
polarization direction of said light by the first
amount in the second sense, the third and fourth
birefringent elements (35a, 35b) being arranged
in an alternating series, and
an analyzer (33) arranged to transmit only light
from the second array having a second polari-
zation direction;
wherein at least one of the first and second ar-
rays is movable to adjust the positions of the first
and second birefringent elements (34a, 34b) rel-
ative to the third and fourth birefringent elements
(35a, 35b).

2. A parallax barrier unit according to claim 1, where-
in the first birefringent elements (34a) and the sec-
ond birefringent elements (34b) comprise rotators
configured to rotate the polarization direction of in-
cident light by +(2n+1)x45° and -(2n+1)x45°, respec-
tively, where n=0, 1, 2, 3, ....

3. A parallax barrier unit according to claim 1, where-
in the first birefringent elements (34a) and the sec-
ond birefringent elements (34b) comprise retarders
configured to shift the phase of incident light by +
(2n+1)λ/4 and -(2n+1)λ/4, respectively, where λ de-
notes a wavelength of incident light and n=0, 1, 2,
3, ....

4. A parallax barrier unit according to claim 1, 2 or
3, wherein the third birefringent elements (35a) and
the fourth birefringent elements (35b) comprise ro-
tators configured to rotate the polarization direction
incident light by �(2n+1)�45° and �(2n+1)�45°,
respectively, where n=0, 1, 2, 3, ....

5. A parallax barrier unit according to claim 1, 2 or
4, wherein the third birefringent elements (35a) and
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the fourth birefringent elements (35b) comprise re-
tarders configured to shift the phase of incident light
by �(2n+1)λ/4 and �(2n+1) λ/4, where λ denotes a
wavelength of incident light and n=0, 1, 2, 3, ....

6. A parallax barrier unit according to any one of the
preceding claims, configured so that the first prede-
termined polarization direction and the second pre-
determined polarization direction are parallel or per-
pendicular to each other.

7. A parallax barrier unit according to any one of the
preceding claims, wherein the first, second, third,
and fourth birefringent elements (34a, 34b, 35a, 35b)
are configured as strips elongated in a direction that
is parallel to the first predetermined polarization di-
rection.

8. A parallax barrier unit according to claim 7, where-
in said at least one of the first and second arrays (34,
35) is moveable in a direction that is slanted with
respect to the direction in which the first second,
third, and fourth birefringent elements (34a, 34b,
35a, 35b) are elongated.

9. A parallax barrier unit according to any one of
claims 1 to 6, wherein the first, second, third, and
fourth birefringent elements (34a, 34b, 35a, 35b) are
arranged as strips (41, 43) elongated in a direction
that is slanted at a first inclination angle with respect
to the first predetermined polarization direction.

10. A parallax barrier unit according to claim 9,
wherein said at least one of the first and second ar-
rays (34, 35) is movable in a direction that is slanted
at a second inclination angle, with respect to the first
predetermined polarization direction, wherein said
second inclination angle is not equal to the first in-
clination angle.

11. A parallax barrier unit according to any one of
claims 1 to 6, wherein the first and second arrays
(34, 35) are two-dimensional arrays of birefringent
portions (45, 47) arranged in a stepwise manner.

12. A parallax barrier unit according to any one of
the preceding claims, arranged to permit said at least
one of the first and second arrays (34, 35) to be
moved manually.

13. A parallax barrier unit according to any one of
claims 1 to 11, comprising an electromechanical or
piezoelectric actuator arranged to provide move-
ment of said at least one of the first and second arrays
(34, 35).

14. An autostereoscopic display, comprising:

a display device (31) arranged to display an im-
age; and
a parallax barrier unit according to any one of
the preceding claims, configured to, when oper-
ating in a 2D mode, position said first and second
arrays (34, 35) to align said first, second, third
and fourth birefringent elements (34a, 34b, 35a,
35b) so that incident light from the display device
(31) is transmitted as a 2D image and, when
operating in a 3D mode, to align said first, sec-
ond, third and fourth birefringent elements (34a,
34b, 35a, 35b) so that the incident light from the
display device (31) is separated into a first image
and a second image.

15. An autostereoscopic display according to claim
14, wherein the display device (31) includes a two
dimensional array of pixels and is arranged so that
each pixel can emit light independently.

16. An autostereoscopic display according to claim
15, wherein the display device (31) comprises a plas-
ma display panel.

17. An autostereoscopic display according to claim
14, wherein the display device (220) comprises:

a backlight unit (210) arranged to emit light,
a rear polarizer (221) configured to transmit light
having a third predetermined polarization direc-
tion, and
a liquid crystal display panel (225) having pixels
arranged to change the polarization of light from
the rear polarizer (221) into a predetermined
LCD polarization to display the image;
wherein the parallax barrier unit (230) is dis-
posed between the liquid crystal display panel
(225) and a viewing zone, such that the polarizer
(232) of the parallax barrier unit (230) acts a front
polarizer of the display device (220).

17. An autostereoscopic display according to claim
14, wherein the display device (320) comprises:

a backlight unit (310) arranged to emit light,
a liquid crystal display panel (321) having pixels
arranged to convert a polarization of light from
the backlight unit (310) into a predetermined
LCD polarization to display the image, and
a front polarizer (325) configured to transmit only
light from the liquid crystal display panel (321)
having a predetermined front polarizer polariza-
tion direction; wherein the parallax barrier unit
(330) is disposed between the backlight unit
(310) and the liquid crystal display panel (321),
such that the analyzer (333) of the parallax bar-
rier unit is used as a rear polarizer of the display
device (320).
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18. A mobile telephone (400) comprising an auto-
stereoscopic display according to any one of claims
14 to 17.
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